Senescence marker protein-30 (SMP30), expressed mostly in the liver, protects cells against various injuries by stimulating membrane calcium-pump activity. By immunohistochemistry and western blotting, we found that SMP30 was in both the nuclei and cytoplasm of cultured mouse hepatocytes. By a homology search, we found that a domain of the SMP30 sequence 51 amino acid residues long was 60-66% similar to bacterial and yeast RNA polymerases.
Senescence marker protein-30, a 30-kDa protein, is expressed mostly in mouse hepatocytes and renal tubular epithelia. 1, 2) SMP30 is unusual in that its expression is maintained at a high level throughout tissue maturation after which it decreases in an androgen-independent way during senescence in both sexes.
3) After cloning cDNA encoding SMP30 from humans, rats, and mice, we found that its amino acid sequence is highly conserved. [2] [3] [4] Later, a cDNA encoding a Ca 2+ -binding protein, regucalcin, was shown to be identical to SMP30. 5) Recently, we reported that SMP30 increases the plasma-membrane Ca 2+ -pump activity in the liver and kidneys. 6, 7) SMP30 may provide a way for cells to avoid age-associated deterioration; later, when the expression of SMP30 declines during aging, susceptibility to harmful stimuli may increase. SMP30 can suppress cell proliferation. 8) The regulation of SMP30 gene expression is orchestrated by several transcription factors. 9) To explore the possibility of other functions of SMP30, we did immunohistochemistry and western blot analysis using antibodies raised against puriˆed SMP30. In this study, we found that in addition to the cytoplasm, SMP30 was also in the nuclei of cultured hepatocytes. A domain of 51 amino acid residues of SMP30 was very similar to RNA polymerase subunit of yeasts and bacteria.
We puriˆed SMP30 from rat liver to homogeneity by sequential column chromatography using DEAEsephacel, phenyl-sepharose CL-4B, and sephacryl S-200 HR. Puriˆed rat SMP30 had a single band in SDS-PAGE. Antibodies to rat SMP30 were produced in rabbits by the injection of puriˆed SMP30 protein. An anti-rat SMP30 IgG fraction was obtained from the antiserum by precipitation with 40z saturated ammonium sulfate, gelˆltration on sephadex G-200, and rat SMP30-conjugated a‹nity column chromatography. In western blotting, this antibody preparation detected a single band for SMP30 in rat and mouse liver homogenates. Normal serum and control IgG did not react with SMP30 in western blotting, and no band was seen in western blotting with liver homogenate from an SMP30-knockout mouse. This lack of a band showed the high speciˆcity of the SMP30 antibody used in immunohistochemistry and western blotting here. Mouse hepatocytes were isolated by collagenase perfusion as described before.
10) Cells were suspended at 2.5×10 5 W ml in Williams medium E containing 10 "9 M dexamethasone and 5z fetal calf serum, and plated into 100 mm diameter culture plates and Falcon culture slides that had been coated with rat type I collagen. Cells were cultured at 379 C under 5z CO2 in air for 3 h to allow attachment to the plates, and then the medium was replaced with serum-free Williams medium E containing dexamethasone. Cell viability was measured by trypan blue dye exclusion before they were plated. Hepatocytes were cultured on Falcon culture slides for 24 h andˆxed for 15 min with 10z formalin in phosphate-buŠered saline (PBS), and treated to make them permeable for 3 min with 0.5z Triton X-100 in PBS. Immuno‰uorescence staining was done with a rabbit polyclonal antibody to rat SMP30 and ‰uoroisothio-cynate-labeled goat anti-rabbit IgG (Biosource International, Camarillo, CA). After this staining, coverslips were mounted on glass slides and images were obtained with a laser scanning confocal imaging system (MRC-1000, Bio-Rad, Hercules, CA). Cells were washed with PBS and harvested with a cell scraper into 400 ml of buŠer A containing 10 mM HEPES (pH 7.8), 10 mM KCl, 0.1 mM EDTA, 2 mM dithiothreitol (DTT), 1 mM phenylmethylsulfonyl ‰uoride (PMSF), and 2 mg W ml each aprotinin, pepstatin A, and leupeptin protease inhibitors. Cells were left to swell on ice for 15 min, after which 25 ml of 10z Nonidet-P40 was added and the sample was vortexed vigorously for 10 sec. The homogenate was centrifuged at 5,000×g for 5 min and the supernatant (the cytoplasmic extract) was removed and frozen. The nuclear pellet was washed twice with 0.5 ml of buŠer A and suspended in extraction buŠer containing 20 mM HEPES (pH 7.8), 0.42 M NaCl, 5 mM EDTA, 5 mM DTT, 1 mM PMSF, and 10z glycerol, and rocked gently at 49 C for 30 min. The sample was then centrifuged at 15,000×g for 30 min and the supernatant (the nuclear extract) was frozen and stored at "709 C. The protein concentration was measured with the Bradford reagent (Bio-Rad).
Nuclear and cytoplasmic extracts were incubated with rabbit anti-rat SMP30 antibody in buŠer A for 1 h before protein G-agarose beads were added. Immunoprecipitates were centrifuged at 5000×g for 1 min at 49 C, the supernatant was discarded, and the pellet was washedˆve times with buŠer A. The immunoprecipitates were then suspended in 100 ml of electrophoresis sample buŠer, and boiled for 5 min; the proteins were separated by SDS-PAGE. Immunoblotting of coprecipitated SMP30 was done as described before.
6) Blots were reacted with rabbit anti-rat SMP30 antibody and horseradish-peroxidase-labeled goat anti-rabbit IgG. Chemiluminescence signals were detected with ECL reagent (Amersham).
Previously, northern blot and immunohistochemical analysis of multiple rat tissues had shown speciˆc and strong SMP30 reactivity in the liver and kidneys.
2) In para‹n-embedded sections of liver, the centrilobular and midlobular areas of hepatocytes reacted most. In kidneys, immunoreactivity was found mainly in the proximal tubular epithelia, with less intensity in the distal and collecting tubular epithelia. The puriˆed preparation of antibody was speciˆc for SMP30 and detected a single band in western blotting in rat and mouse liver homogenates. Staining is found in both the cytoplasm and the nucleus ( Fig. 1(A) ). That the bright signals in immunoreactions were nuclei was conˆrmed by nuclear staining with a DNA-binding dye, 4,6-diamidino-2-phenylindole (DAPI) dihydrochloride (not shown). SMP30 protein was found reproducibly in the cytoplasm as well as in the nuclei. To conˆrm reproducibility, we prepared nuclear and cytoplasmic extracts from isolated cultured hepatocytes and used western blotting on them. An SMP30 protein band was detected in both extracts ( Fig. 1(B) ) several times. The bright intense nuclear staining of SMP30 and the slightly weaker western band in the nuclear fraction may be due to the smaller volume of nuclei compared with cytoplasm and lower concentration of SMP30 relative to the total amount of protein in nuclei. Surprisingly, the SMP30 cDNA sequence did not have any nuclear localization signal sequence. In addition to the Ca 2+ -pumping activity of SMP30 in cytoplasm, its nuclear localization suggested some functional role in the nucleus.
Our interest in a possible role of SMP30 in the nucleus was spurred by the observation of considerable amounts of SMP30 in the nuclei of hepatocytes. Thisˆnding prompted us to do a domain search of the amino acid sequence of SMP30 to explore the possibility of its similarity to other nuclear proteins. Small-stretch domain searches were done with the GenBank (NCBI) BLAST protein database with the SMP30 amino acid sequence (accession number S72173). A 51-amino acid domain of SMP30 (residues 150-200) had signiˆcant similarity to residues 136-186 of the yeast RNA polymerase subunit RPO26 (66z positive) and residues 142-192 of bacterial RNA polymerase (60z positive) (Fig. 2) . We do not know if these domains of yeast and bacterial RNA polymerases have a direct role in the enzymatic activity. Little similarity was found between SMP30 and a mammalian RNA polymerase. The function of this domain of SMP30 (residues 150-200) is not known. Thus from the nuclear localization of SMP30 protein and its similarity to the RNA polymerase subunit, we speculate that besides Ca 2+ -pumping and anti-cell-proliferative roles, SMP30 may act in regulation of gene expression such as in transcription. Transfection and expression analysis of diŠerent mutant forms of SMP30 in cultured hepatocytes from our recently developed SMP30-deˆcient knockout mice would help identify the domains of SMP30 responsible for nuclear translocation and Ca 2+ -pumping activity.
